Background: Tumor necrosis factor-alpha (TNF-α) is an important inflammatory cytokine that may play a role in controlling the progression of prostate cancer. Two common polymorphisms in the TNF-α gene, −308G/A and −238C/T, have been suggested to alter the risk for prostate cancer, but the results have been inconclusive so far. In order to obtain a better understanding of the effects of these two polymorphisms on prostate cancer risk, all available studies were considered in a meta-analysis. Methods: We conducted a comprehensive literature search in the Cochrane Library, PubMed, EMBASE, Chinese Biomedical Literature database (CBM), and the China National Knowledge Infrastructure (CNKI). The associations were evaluated by calculating the pooled odds ratio (OR) with 95% confidence interval (95% CI). Results: In this meta-analysis, we included 14 studies with 5,757 patients and 6,137 control subjects for the TNF-α-308G/A polymorphism and 1,967 patients and 2,004 control subjects for the TNF-α-238C/T polymorphism. A significantly increased prostate cancer risk was found to be associated with the TNF-α-308C/T polymorphism in studies with healthy volunteers (AA + AG vs. GG: OR = 1.531, 95% CI = 1.093-2.145; P = 0.013; AG vs. GG: OR = 1.477, 95% CI = 1.047-2.085; P = 0.026). No significant association was found between the TNF-α-238G/A polymorphism and prostate cancer risk in the overall or subgroup analyses. There was no risk of publication bias in this meta-analysis. Conclusions: Our results suggest that while the TNF-α-238G/A polymorphism may not be associated with prostate cancer the TNF-α-308C/T polymorphism may significantly contribute to prostate cancer susceptibility in healthy volunteers. Virtual slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/ vs/1629288120116301
Introduction
Prostate cancer is the most common malignant tumour of the male reproductive system in the Western hemisphere. Approximately 238,590 new cases and 29,270 deaths of prostate cancer are reported annually [1] . Therefore, it is critically important to clarify the mechanism of its carcinogenesis, so that prostate cancer can be detected at an early stage. Polygenic and external environmental factors are known or suspected to be risk factors for prostate cancer [2] [3] [4] . Specifically, genetic factors may contribute as much as 42% to the risk of prostate cancer [5] . Recently, cytokine genetic polymorphisms were found to be related associated with increased inflammation, increased cytokine production, and possibly increased prostate cancer risk [6] .
Tumour necrosis factor-alpha (TNF-α) is a mediator of the inflammatory process that is secreted by monocytes, macrophages, neutrophils, T cells, and NK cells after stimulation. TNF-α is a pro-inflammatory molecule that may play an important role in the development of the immune response [7, 8] and affect the progression of prostate cancer [9] . The TNF-α gene is located in the major histocompatibility complex III region on chromosome 6p21.3. In recent years, several common single nucleotide polymorphisms (SNPs) have been identified in the TNF-α promoter regions, which can regulate the expression level of TNF-α, such as TNF-α-308G/A (rs1800629) and TNF-α-238C/T (rs361525) [10, 11] . TNF-α 308G/A is a G to A transition at nucleotide position 308 in the promoter region of the gene, and TNF-α-238G/A is a G to A transition at nucleotide position 238 in the promoter region of the gene. Previous data have shown that polymorphisms of TNF-α at positions 308 and 238 (TNF2 and TNFA alleles, respectively) are associated with increased release of TNF-α [6, 12, 13] . Therefore, TNF-α polymorphism may be related to prostate cancer risk. Thus, it is biologically reasonable to hypothesize a potential relationship between TNF-α polymorphisms and prostate cancer risk.
A number of studies have reported the association between prostate cancer risk and TNF-α promoter polymorphisms -308G/A and/ or -238G/A polymorphisms, but the results are controversial [14] [15] [16] . A single study may not have sufficient power to completely demonstrate this complicated genetic relationship because of relatively small sample sizes, which have low statistical power. Larger studies could overcome these disadvantages. With respect to the TNF-α-308G/A polymorphism, Wang et al. [17] conducted a meta-analysis in 2011 and found that this polymorphism was not associated with susceptibility to prostate cancer. However, that meta-analysis only included six eligible studies and several new studies with more data have been published since 2011; thus, that meta-analysis may not be comprehensive and may cause some bias to the final result. To the best of our knowledge, no meta-analyses investigating the TNF-α-238G/A polymorphism have ever been published. Therefore, to generate a more valuable conclusion on the association between TNF-α polymorphisms and prostate cancer risk, we performed a metaanalysis of all eligible case-control studies investigating the association between the -308G/A and -238G/A polymorphisms of the TNF-α gene and prostate cancer risk.
Methods

Search strategy
We conducted a comprehensive literature search in the Cochrane Library, PubMed, EMBASE, Chinese Biomedical Literature database (CBM), and the China National Knowledge Infrastructure (CNKI) using the search terms "prostate cancer OR prostate carcinoma OR PCa", "polymorphism or variant OR mutation OR genotype" and "Tumour Necrosis Factor-alpha OR TNF OR TNF-α" and various combinations of these terms. All the articles were updated on September 10, 2013. The search was performed without any limitations of language. Review articles, original articles, and other studies of interest were examined to identify additional eligible studies.
Selection criteria
Studies included in the meta-analysis were required to meet the following criteria: (1) studies investigating the association between TNF-α gene polymorphisms and prostate cancer risk; (2) case-control or cohort studies; and (3) the papers must list the sample size, distribution of genotype, and allele frequency. If serial studies of the same population from the same group were reported, the most recent or largest population was chosen. When a study reported the results on different subpopulations, we treated it as separate studies in the meta-analysis. Studies were excluded from our meta-analysis if they met one of the following exclusion criteria: (1) the study was conducted on animals, (2) the design was based on family or sibling pairs, or (3) insufficient original data was available for data extraction, for instance, the number of genotypes could not be ascertained.
Data extraction
T Two separate investigators (Ma and Zhao) reviewed and extracted data from the studies included independently to ensure the accuracy of the data. The following parameters were collected from eligible studies: first author's surname, year of publication, country of study population, ethnicity, genotyping methods, sample size, source of controls (hospital-based, population-based, or healthy volunteers), matching variables, prostate cancer diagnosis, QC when genotyping, and the number of genotype frequencies in cases and controls. The two investigators verified data accuracy by comparing collection forms between investigators. If different results were generated, they would carry out discussions until a consensus was reached.
Quality score assessment
The quality of the selected studies was independently evaluated by two reviewers (Ma, and Zhao). The criteria for quality appraisal are listed in Table 1 . The quality scoring system was originally proposed by Thakkinstian et al. [18] . Scores ranged from the lowest value 0 to the highest value 14, with higher scores indicating better quality. Disagreements were resolved by consensus.
Statistical analysis
Crude odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were employed to estimate the strength of association between the two polymorphisms and prostate cancer risk. The recessive genetic model, dominant genetic model and additive genetic models were used to calculate the pooled ORs and 95% CIs for both the polymorphisms. Heterogeneity among the studies included in the meta-analysis was evaluated by the chi-square-based Q test and quantified by the I 2 metric. I 2 values of 75%, 50%, and 25% were considered to reflect high, moderate, and low heterogeneity, respectively [19] . When no statistical heterogeneity was found (I 2 < 50% or P > 0.10), the ORs and 95% CI would be estimated for each study in the fixed-effect model (MantelHaenszel method) [20] . Otherwise, the random-effect model (DerSimonian and Laird method) was applied [21] . Logistic meta-regression and subgroup analyses were performed to explore possible explanations for heterogeneity among studies. The following characteristics of participants were included as covariates in the metaregression analysis: source of controls, ethnicity, genotyping methods, quality score, QC when genotyping, and prostate cancer diagnosis. Subgroup analyses were performed by ethnic group and source of controls. In addition, Galbraith plots analysis was performed for further exploration of heterogeneity.
A funnel plot was used to verify potential publication bias using the standard error of log (OR) for each publication plotted against its log (OR), and the asymmetry of the funnel plot was tested by Egger's regression [22] . The t test was used to determine the significance of the asymmetry, and if the P value was <0.10, indicating the presence of publication bias, the non-parametric "trim and fill" method was used to adjust for it [23] . Sensitivity analysis was conducted to validate the credibility of outcomes in this meta-analysis. It was carried out by sequential omission of individual studies or by omitting studies without high quality. The Hardy-Weinberg equilibrium (HWE) in the controls was evaluated in our meta-analysis using the goodness-of-fit chi-square test, and p < 0.05 was considered representative of a departure from HWE. Statistical tests were performed using the program STATA 12.0 software (Stata-Corp LP, College Station, TX). All statistical tests were two-sided.
Results
Study characteristics
As shown in Figure 1 , a total of 79 published records found on Cochrane Library, PubMed, EMBASE, CBM, and CNKI were identified as having met the search criteria. After the titles and abstracts were reviewed, 66 of these articles were excluded: 46 were not related to gene polymorphisms, 17 articles discussed polymorphisms other than -308G/A and/or -238G/A of TNF-α, 1 was not closely relevant to prostate cancer, and 2 were metaanalyses [17, 24] . Manual search of references cited in the published studies did not reveal any more relevant articles. These 13 full-text articles were then subjected to further examination, and 1 article was further excluded as it discussed the TNF-α gene and prognosis. Thus, a total of 12 records with a case-control design met the inclusion criteria for the meta-analysis ( Figure 1 ). Of these, two articles contained two different subpopulations and were treated as two independent studies. The corresponding characteristics are presented in Table 2 . Twelve articles [14] [15] [16] [25] [26] [27] [28] [29] [30] [31] [32] [33] ] with 14 studies (5,757 cases and 6,137 controls) discussed TNF-α-308G/A polymorphism, while 4 [15, 16, 30, 31] articles containing 5 studies (1,967 cases and 2,004 controls) discussed TNF-α-238G/A polymorphism. The number of cases in these studies varied from 96 to 2,225, and the number of controls varied from 126 to 2,251. Of all the eligible studies for TNF-α-308G/A polymorphism, seven were performed in Caucasians populations; four, in Asians; two, in mixed populations (White and other); and one, in an African-American population. Similarly for TNF-α-238G/A polymorphism, three were performed in Repetition of partial/total tested samples 1
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Caucasians and two in non-Caucasians. Genotyping was performed using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), amplification refractory mutation system-PCR (ARMS-PCR), TaqMan assay, and polymerase chain reaction (PCR) analyses on genomic DNA. For the TNF-α-308G/A polymorphism, the genotype distributions in the control groups of all but one study were in agreement with the HWE [33] . Similarly, for the TNF-α-238G/A polymorphism, the genotype distributions in the control group of one study [30] was not consistent with the HWE.
Results of the meta-analysis
The data suggested no significant association between the TNF-α-308G/A polymorphism and prostate cancer risk in all genetic models (additive genetic models: AA vs. GG and AG vs. GG, recessive genetic model: AA vs. AG + GG, and dominant genetic model: AA + AG vs. GG; Table 3 , Figure 2 ) in the overall populations. Additional subgroup analyses stratified by ethnicity revealed no association between TNF-α-308G/A polymorphism and prostate cancer risk in any of the genetic models. When stratified by source of controls, a significantly increased prostate cancer risk was found among healthy volunteer studies in the additive model AG vs. GG (OR = 1.477, 95% CI = 1.047-2.085, P = 0.026, I 2 = 0.0%, and P Q = 0.602 for heterogeneity) and dominant model AA + AG vs. GG (OR = 1.531, 95% CI = 1.093-2.145, P = 0.013, I 2 = 0.0%, and P Q = 0.628 for heterogeneity) but not in the recessive model AA vs. AG + GG (OR = 2.65, 95% CI = 0.679-10.341, P = 0.161, I 2 = 0.0%, and P Q = 0.997 for heterogeneity). Furthermore, excluding the studies by OH et al. [16] and Sáenz-López et al. [14] , which were shown as outliers in our Galbraith plot analysis, did not influence the significance of the summary ORs for the TNF-α-308G/A polymorphism in different comparison models in the overall population and subgroup analyses.
Data from five case-control studies comprising 1,967 prostate cancer cases and 2,004 controls were pooled for the analysis of the TNF-α-238G/A polymorphism. No association was detected between TNF-α-238G/A polymorphism and prostate cancer risk in all genetic models in the overall population. Similarly, in the subgroup analysis by source of controls and ethnicity, no significant association was found (Table 3) .
Heterogeneity analysis
For the TNF-a-308G/A polymorphism, substantial heterogeneities between studies were observed in the additive and dominant models (p < 0.001 in both models) in the overall populations. We further employed meta-regression and subgroup analyses to explore the source of heterogeneity. However, meta-regression analysis of data showed that ethnicity, genotyping methods, source of controls, QC when genotyping, prostatic cancer diagnosis, and quality scores did not affect modifiers. Subsequently, we stratified the studies by ethnicity and source of controls, and observed the lack of homogeneity among Caucasians and hospital-based studies in the two genetic models (Table 3) . Ethnicity and different source of controls were significant factors for heterogeneity. We also performed Galbraith plots analysis to identify the outliers that might contribute to the heterogeneity. The study of Oh et al. [16] was an outlier in the additive model AG vs. GG, while the studies of Oh et al. [16] and Sáenz-López et al. [14] were both outliers in the dominant model AA + AG vs. GG for TNF-α-308G/A polymorphism ( Figure 3 ). When these two studies were excluded from the analysis, the I 2 values decreased obviously and the P Q values were greater than 0. We further employed subgroup analyses stratified by ethnicity and source of controls. However, heterogeneities were still observed among hospital-based studies in these two genetic models (Table 3) . Therefore, ethnicity was considered to contribute to substantial heterogeneity.
Sensitivity analysis
A leave-one-out sensitivity analysis was performed to reflect the influence of the individual dataset to the pooled ORs. The results suggested that no single investigation significantly affected the pooled ORs (data not shown). When we excluded HWE-violating studies, the corresponding pooled ORs were not materially altered, indicating that the data in this meta-analysis are relatively stable and credible. 
Publication bias
Begg's funnel plot and Egger's linear regression tests were created to estimate the publication bias risk in this metaanalysis. As shown in Figure 4 , the shapes of the funnel plots did not show obvious asymmetry. In addition, the results of Egger's test also revealed the absence of publication bias in the TNF-α-308G/A (P = 0.224 for AA vs. GG; P = 0.350 for AG vs. GG; P = 0.313 for recessive model AA vs. GG + AG; and P = 0.275 for dominant model AA + AG vs. GG) and TNF-α-238G/A (P = 0.742 for AA vs. GG; P = 0.758 for AG vs. GG; P = 0.763 for recessive model AA vs. GG + AG; and P = 0.629 for dominant model AA + AG vs. GG) polymorphisms.
Discussion
TNF-α is a member of the TNF/TNFR cytokine superfamily, and is an intercellular communicating molecule involved in building transient or long-lasting multicellular structures [34] . It is also known to play critical and nonredundant roles in the innate and adaptive immune responses [35] , including the response to tumours [36] . TNF-α has been directly and indirectly linked to neoplasia and is involved not only in maintenance and homeostasis of the immune system, inflammation, and host defence, but also in pathological processes such as chronic inflammation, autoimmunity, and malignant disease [35, 37] . TNF-α expression is mostly regulated at the transcriptional level [38] . Promoter polymorphisms in the TNF-α gene related to the pro-and anti-inflammatory response could directly influence production of TNF-α, thus causing inter-individual differences in immune responsiveness, which may influence the susceptibility of prostate cancer [39] . Two variations in the promoter region of the TNF-α gene, namely, TNF-α-308G/A and TNF-α-238G/A, have been commonly studied. The G to A substitution at position −308 in the TNF-a promoter increases TNF-α transcription activity and the serum TNF-α level [6] . Indeed, the TNF-308A allele has been associated with malignant tumours such as gastric cancer, breast carcinoma, and hepatocellular cancer [40] [41] [42] . The functional significance of the rare TNF-238A allele is not yet clear, but Kaluza et al. reported that this allele caused a significant decreased in the transcription of the TNF-α gene in human T and B cells [43] . The allele has also been associated with certain autoimmune and infectious diseases [44, 45] . Several studies have observed the association between prostate cancer risk and TNF-α promoter polymorphisms, and TNF-α-308G/A and/or TNF-α-238G/A polymorphisms, but the results are controversial. These inconsistent results are possibly because of the small effect of the polymorphism on prostate cancer risk or the relatively low statistical power of the published studies. Meta-analysis could overcome these disadvantages because (1) it can investigate data for a large number of individuals; (2) it can estimate the effect of a genetic factor on disease risk; and (3) if a significant association is found, it can estimate whether the association is common among different backgrounds (such as population or age groups) [46] [47] [48] [49] . Therefore, we performed a meta-analysis to comprehensively evaluate the association between TNF-α-308G/A and/or TNF-α-238G/A polymorphisms and prostate cancer risk.
Our meta-analysis summarized for the first time all the available data on the association between TNF-α-238G/A polymorphism and prostate cancer risk, including a total of five studies, involving 1,967 prostate cancer cases and 2,004 controls. Our results demonstrated that the TNF-α-238G/A polymorphism was not significantly associated with prostate cancer risk not only in the overall population but also in the subgroup analyses stratified by ethnicity and source of controls.
With respect to TNF-α-308G/A polymorphism, 14 studies including 5,757 prostate cancer cases and 6,137 controls were found in our meta-analysis. The data suggested no significant association between TNF-α-308G/A polymorphism and prostate cancer risk in all genetic models in the overall populations, which is consistent with the previous findings made by Wang et al. [24] and Wang et al. [17] . However, in the subgroup analysis according to source of controls, significantly increased prostate cancer risk was found in the healthy volunteer studies but not in hospital-based and population-based studies. However, the result may be underpowered because the sample size the healthy volunteer studies in this analysis is relatively small, and controls in these studies may not always be truly representative of the general population. Therefore, a methodologically preferable design such as a representative population-based study is needed to avoid selection bias and to increase the statistical power.
For the TNF-α-308G/A polymorphism, substantial heterogeneities between studies were observed in the additive model AG vs. GG (p < 0.001) and dominant model AA + AG vs. GG (p < 0.001) in the overall populations. To explore the source of heterogeneity, we employed metaregression and subgroup analyses. Meta-regression analysis revealed no definite source of heterogeneity. Subgroup analyses by ethnicity showed that heterogeneity existed in Caucasian subjects and hospital-based studies in the additive and dominant models. To further investigate the heterogeneity, Galbraith plot analysis was used to identify the outliers that might contribute to the heterogeneity, and two outliers were found. When they were excluded from the analysis, the I 2 values decreased obviously and P Q values were greater than 0.10 in the overall populations and in Caucasians. In addition, excluding the two studies did not significantly affect the results in the different comparison models in the overall population and subgroup analyses. The results indicated that the two studies might be the major source of the heterogeneity for the 308G/A polymorphism.
Substantial heterogeneities between studies were observed in the additive and dominant models for the TNF-α-238G/A polymorphism in the Caucasian population and hospital-based studies. As only five studies on the association between TNF-α-238G/A polymorphism and prostate cancer risk were included in our meta-analysis, meta-regression analysis and Galbraith plots analysis were not performed; therefore, these results require further investigation.
This meta-analysis has some limitations that must be considered. First, the overall outcomes were based on individual unadjusted ORs, while a more precise estimation should be adjusted by confounding factors such as smoking status, age, and environmental factors. Second, the sample sizes in this analysis were not adequate, especially the African-American populations; therefore, more subjects of different ethnicities would be required to accurately clarify whether ethnicity has a biological influence on cancer susceptibility. Third, the controls were not consistently screened across the studies analysed. Therefore, the control groups may have different risks of developing prostate cancer. Fourth, as only certain published studies were included in our meta-analysis, publication bias is very likely to occur although it was not shown in the statistical test.
Conclusions
In conclusion, the present meta-analysis suggests that the TNF-α-238/A polymorphism is unlikely to be a risk factor for prostate cancer, while the TNF-α-308 G/A polymorphism may make a significant contribution to the risk of prostate cancer in healthy volunteers. However, to clarify the role of TNF-α-308G/A and TNF-α-238G/A polymorphism in prostate carcinogenesis, more studies with large samples are needed in the future.
Abbreviations TNF-α: Tumor necrosis factor-alpha; SNPs: Single nucleotide polymorphisms; HWE: Hardy-Weinberg equilibrium; OR: Odds ratio; CI: Confidence interval; PCR-RFLP PCR: Based restriction fragment length polymorphism; QC: Quality control.
Competing interests
The authors declare that they have no competing interests.
